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Taxas de Degradação –














































y = f (x, θ) + ε
Segurança Qualidade
Tempo do processo Parâmetros cinéticos
A extensão e velocidade de produção/degradação 
de uma característica de segurança ou qualidade pode ser quantificada
… assim como o efeito das condições de processamento  nos parâmetros cinéticos
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minimização dos desvios entre os 
valores experimentais e 
os obtidos pelo modelo
Modelagem Matemática





 descrição fundamental dos processos físico-químicos 
envolvidos
 mais complexos 
 caixa preta
 mais simples (ou não!)
 aplicação prática
ponderar vantagens e desvantagens










efeito do processo no produto
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Cucurbita maxima L. Brassica oleracea L.
Quality
Daucus carota L.
Degradação de Qualid de












































































































Texture Analyser (Stable Micro-System Ltd, Godalming, UK)






















































































































Spectrophotometry (Unicom Ltd, Cambridge, UK) 
ATI Unicam spectrophotometer (Unicom Limited, Cambridge, United Kingdon). 





































































Degradação de Qualid de
Heating Foods: Integrating quality and safety in thermal processes
pumpkin
Cucurbita maxima L.
… are recommended to decrease 90% of peroxidase activity, ensuring a good 
retention of colour. Unavoidably, texture is greatly affected (~ 14% was 
retained). 
Modelling the kinetics of peroxidase inactivation and colour and
texture changes of pumpkin during blanching, will allow convenient
design of thermal processes
Stabilisation of enzymatic deterioration 
Minimisation of quality losses
Blanching conditions 5.8 min at 90 ºC 
and 
3.9 min at 95 ºC
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Texture Analyser (Stable Micro-System Ltd, Godalming, UK)
maximum shear force , test speed  8 mm s-1 , full-scale load  500 N 
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70 75 80 85 90 Global mod. fit
Phenolic content
Quality
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(Unicom Ltd, Cambridge, UK) 



















70 ºC 75 ºC 80 ºC
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Degradação de Qualid de
broccoli
Brassica oleracea L.
Modelling the kinetics of peroxidase inactivation and phenolic
content and texture changes of broccoli during blanching, will allow
convenient design of thermal processes
… are recommended to decrease 90% of peroxidase activity.
Texture was the most temperature sensitive parameter. Thus, attention should
be given to texture against other quality parameters for optimizing thermal
processes of broccoli.
Stabilisation of enzymatic deterioration 
Minimisation of quality losses
Blanching conditions 6.5 min at 70 ºC 
and 



















Degradação de Qualid de































k(T)  Arrheniusk(T)  Arrhenius
k(T)  Arrhenius k(T)  Arrhenius
Degradação de Qualid de
carrots
Daucus carota L.
Modelling the kinetics of peroxidase inactivation and phenolic
content, colour and texture changes of carrots during blanching,
will allow convenient design of thermal processes
… is recommended to decrease 90% of peroxidase activity, ensuring a good
retention of phenolic content (70%). Colour was the most temperature
sensitive parameter. Thus, attention should be given to colour against other
quality parameters for optimizing thermal processes of carrots.
Stabilisation of enzymatic deterioration 
Minimisation of quality losses




































previsão / simulação      rapidez
desenvolvimento de processos 
eficazes de inactivação





reflecte a presença de agregados de microrganismos 
ou sub populações mais resistentes à temperatura
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1ª ordem ( )ktexpNN 0 −= D
tNloglogN 0 −=

















1ª ordem ( )ktexpNN 0 −= D
tNloglogN 0 −=

































D – tempo de redução decimal
F1 – fracção de microrganismos inactivados
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sensibilidade ao calor 
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Bhaduri et al (1991)
Linton et al. (1995, 1996)




































































Bhaduri et al (1991)
Linton et al. (1995, 1996)




























































Data of L. monocytogenes Scott A  at 52,56,60,64,68ºC























Data of L. monocytogenes Scott A  at 52,56,60,64,68ºC























Data of L. monocytogenes Scott A  at 52,56,60,64,68ºC


























Data of L. monocytogenes Scott A  at 52,56,60,64,68ºC














































Davey / Arrhenius modificado
“Square-root type models”
Ratkowsky et al. (1982)
McMeekin et al. (1987)
Adams et al. (1991)


















































Data of L. monocytogenes Scott A

















Arrhenius k = f(T)














Data of L. monocytogenes Scott A


























Data of L. monocytogenes Scott A




Gil (2002) Statistica 6.0
Modelos matemáticos
maior complexidade !!




















































































































































• interacções entre microrganismos
• diversidade natural das estirpes
• estrutura complexa dos alimentos
• alimento/microrganismo
• modelagem da fase ‘atraso’
• modelagem da fase ‘cauda’














(Visual Basic Language) 
Resposta
‘Bugdeath’ - funded by the European Commission under the EC Framework 5; 
Quality of Life and Management of Living Resources Programme
Software Program
‘Bugdeath’ - funded by the European Commission under the EC Framework 5; 
Quality of Life and Management of Living Resources Programme
First screen – product/microorganism
‘Bugdeath’ - funded by the European Commission under the EC Framework 5; 
Quality of Life and Management of Living Resources Programme
Second screen – process
‘Bugdeath’ - funded by the European Commission under the EC Framework 5; 
Quality of Life and Management of Living Resources Programme
Output – graphic/temperature
‘Bugdeath’ - funded by the European Commission under the EC Framework 5; 
Quality of Life and Management of Living Resources Programme
Output – graphic/microbial load
‘Bugdeath’ - funded by the European Commission under the EC Framework 5; 
Quality of Life and Management of Living Resources Programme
Output – data table
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